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(OR). Data were analyzed using RevMan 5.3.

Abstract \
/Background: The single risk factors of pancreatic cancer (PC) has been extensively studied. We aimed to syn-

thesize results from such studies to identify and estimate multiple independent risk factors of PC.
Methods: Articles published up to Feb 28, 2020 in English or Chinese reporting risk factors of PC were re-
viewed. The fixed-effects model with 95% confidence interval (CI) were used to calculate the pooled Odds Ratio

Results: PC was significantly associated with smoking (OR: 1.76, 95% CI: 1.61-1.92, P < 0.00001, I = 6%), dia-
betes (OR: 2.69, 95% CI: 2.52-2.88, P < 0.00001, I2= 0%, family history of PC (OR: 2.58, 95% CI: 2.13-3.11, P
< 0.00001, I2= 0%), and chronic pancreatitis (OR: 5.84, 95% CI: 3.63-9.41, P < 0.00001, I2= 0%).

Conclusion: Smoking, diabetes, family history of PC, and chronic pancreatitis were independent risk factors for
PC. These independent risk factors have an important role in identifying high-risk groups, which is of great sig-
nificance to reduce the incidence of PC and improve the quality of life and prognosis of patients.

Qeywords: Pancreatic cancer; Risk factor; Systemic review; Meta-analysis; Case-control trials J

Introduction

Pancreatic cancer (PC) is a high-grade gastroin-
testinal malignancy that ranks fourth in cancer-
related deaths in the United States, with a 5-year
survival rate of no more than 9% (1). It is note-
worthy that pancreatic cancer is the only cancer
with increasing mortality rates, and is expected to
become the second most common cause of can-
cer-related death by 2030 (2). PC could be treated

early (3). With a definite diagnosis, the 5-year
survival rate can be increased to 46% (4).

The main diagnostic approaches of PC are clini-
cal manifestations, imaging screening methods,
serum tumor markers, and molecular biology
gene diagnosis. While the use of a single marker
or imaging detection at a specificity and sensitivi-
ty may not be significant or accurate, multiple
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detection might be more reliable. In practice,
most of the integrated technologies for screening
are able to improve greatly the overall diagnosis
rate of PC, but the large population of China de-
termine that the use of multiple detection will
result in very high screening costs and low detec-
tion efficiency. Therefore, we need to identify
new breakthroughs in the context of technologi-
cal bottlenecks and economic restrictions.
Increasingly, studies have focused on crowd dif-
ferentiation in cancer screening, such as lung
cancer to narrow precisely the range of high-risk
groups. Smoking has been identified as the only
independent risk factor for PC (4,5). Due to the
controversial findings of a previous study based
on smaller sample size, we systematically assessed
risk factors of PC associated with smoking, dia-
betes, chronic pancreatitis, and family history of
PC by meta-analysis.

Methods

Eligibility criteria for articles

Identified articles were grouped into the follow-
ing categories: (i) articles related to PC risk fac-
tors; (ii) articles of case-control studies in which
the case group was patients with confirmed PC,
while the control group was composed of sub-
jects not related to PC, and there were more than
100 samples in both the case group and the con-
trol group;(iii) articles with accurate original data;
and (iv) articles in which the full text can be ac-
cessed in a public database.

The following articles were excluded: (i) articles
not related to PC risk factors; (i) articles with a
sample size of less than 100 for either the case
group or the control group; (iif) articles repeated-
ly publishing the same sample data; (iv) articles
that were not available in full text; and (v) sum-
maries, letters, abstracts, brief exchanges, and
case reports.

Literature search method

The Web of Science, PubMed, Embase, Medline,
Cochrane Library, Chinese National Knowledge
Infrastructure (CNKI), and the Wan Fang data-
base were searched using the MESH Terms Pan-
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creatic Cancer', 'Risk Factotr' and 'Case-Control
Study'. Articles related to PC risk factors were
initially screened using the phrases ‘pancreatic
cancer’ and ‘risk factor’. Case-control studies
were retrieved from the preliminary screening
results. The retrieval period was up to February
28, 2018. The languages of the articles were lim-
ited to Chinese and English. Data was summa-
rized from the eligible articles and a meta-analysis
was performed to explore the association be-
tween risk factors and PC.

Statistical analysis

A database was established using Microsoft Excel
(Version 15.23). The data types were determined
and appropriate effect indicators were selected.
The meta-analysis was performed using the In-
verse Variance method according to the
Cochrane system by RevMan5.3. OR and 95% CI
were used to evaluate the relationship between
PC and risk factors such as smoking, diabetes,
chronic pancreatitis, and family history of PC.
Heterogeneity was tested by forest plot, Q test,
and I%. P>0.1 or I°<50 % indicated that there was
no heterogeneity or low heterogeneity in the ef-
fect quantity between studies, and the fixed-effect
model was adopted. Instead, the random effects
model was selected. Potential publication bias
was assessed by analysis of funnel plots. If the
graph presented a symmetrical inverted funnel
shape, there was no publication bias; otherwise,
publication bias existed.

In this study, two authors (KJX and YY) inde-
pendently reviewed the selected articles and ex-
tracted the following data: first author, year of
publication, sample area, study time, source of
case and control samples, sample number of case
group and control group, and analysis method.
All the analyses were resolved by discussion. The
quality of inclusion criteria was assessed using the
Newcastle-Ottawa scale (NOS). This study se-
lected articles with a score of 6 or above.

Results

According to the inclusion criteria, 655 publica-
tions were obtained through the initial search.
The selection process for eligible papers included
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in this meta-analysis is presented in Fig. 1. Thus,
the final meta-analysis included 22 publications,
24,181 cases, and 38,554 controls. The detailed
characteristics of individual study are listed in
Table 1. In these studies, samples were collected
from 1990 to 2016, and the geographical distribu-
tion of the examined samples included seven
countries (China, the United States, Italy, Canada,
the Netherlands, Poland, and Australia). The

655 of records identified
through database searching

516 of records after
duplicates removed

516 of records
screened

449 of full-text
articles assessed for
eligibility

22 of studies
included in
meta-analysis

NOS scores ranged from 6 to 8 stars, indicating
that all the included studies were of high quality.
Smoking was the only identified risk factor. Indi-
vidual studies had different conclusions for each
risk factor. In this study, 22 case-control studies
with a reference rate more than 15% and the first
four risk factors (mentioned by more than 3 arti-
cles) with higher consensus were selected for de-
tailed analysis of their combined OK in Table 2.

67 of records excluded
for being Summary,
letters, abstracts, brief
exchanges and case
reports

649 of full-text \

articles excluded for
irrelevant study.

149 of full-text
articles excluded for
not case-control
designed study.

32 full-text articles
excluded for

vaailablc data. /

Fig. 1: Flow chart of study selection
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Table 1: Information of the 22 articles enrolled in the meta-analysis

Study Coun  Start - stop Sample sources Sample size  NOS
my time of re- Case Control Ca Con- score
search se trol
Zhang  XH,2006 China 1990-1993 A new case of pancreatic A population matched by 451 1552 6
(0) cancer has been reported sex and age
in Shanghai
Qiu DY,2004 (7) China  1995-2001 Elderly pancreatic cancer The eldetly hospitalized 167 167 7
patients admitted to patients with the same gen-
zhongshan hospital affili-  der and age were randomly
ated to fudan university selected
Zhou GZ,2002 (8)  China  1993-2001 Second military medical ~ The date of hospitalization, 493 1031 8
university confirmed case date of birth, nationality,
of pancreatic cancer pa- gender and frequency of
tients residence of the same hos-
pital without tumor or en-
docrine disease
Chen M,2014 (9) China  2011-2013 Patients with pancreatic ~ The family members of the 105 105 8
cancer in henan cancer non-pancreatic cancer pa-
hospital tients in the same disease
area ot other disease areas
shall be required to be the
same sex as the patients,
have an age difference less
than 5 years, and live in
henan province
Yan  D,2010 China 2002-2007 Patients with pancreatic Concomitant nontumor 207 210 7
(10) cancer in the first affiliat- inpatients
ed hospital of xinjiang
medical university
Zhou China 1993-2001 Changhai hospital, Orien-  The date of hospitalization, 103 1239 8
GZ,2002 (11) tal liver and gallbladder date of birth, nationality, 1
hospital and long march gender and residence fre-
hospital were diagnosed ~ quency of patients admitted
as inpatients with pancre-  to the hospital without tu-
atic cancer mor or endoctine diseases
match
Xu P,2011 (12) China 2000-2010 Pancreatic cancer patients Patients with concurrent 290 312 8
admitted to the provincial nontumor and nonmetabol-
hospital affiliated to an- ic diseases with the lowest
hui medical university inpatient number 3 were
randomly selected
Zhao ]Q,2018 China 2005-2016 PC patients admitted to Patients with non-tumor 580 624 7
(13) cangzhou people's hospi-  and non-metabolic diseases
tal were hospitalized at the
same time
Yao  Y,2013 China 2006-2013 Peking union medical A han Chinese health 180 360 7
(14) college hospital and other  checker from Peking union
4 hospitals han pancreatic medical college hospital
cancer patients who was matched in the
same period
Peng 1L.N,2014 China 2011-2013 The first affiliated hospi- Concomitant hospitaliza- 147 164 6
(15) tal of zhengzhou univer- tion physical examination
sity met the diagnostic normal population
criteria for pancreatic
Available at:  http://ijph.tums.ac.ir 1581
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cancer inpatients

Chen Q,2012 China 2002-2012 Pancreatic cancer patients  In the same petiod, patients 916 1124
(16) hospitalized in east China ~ were hospitalized for multi-
ple reasons and acute dis-
eases, and their gender and
age matched
Yang China 2010-2016 Pancreatic cancer patients ~ Healthy persons who un- 246 246
MW,2017 (17) admitted to the first affil-  derwent physical examina-
iated hospital of the third tion in our hospital at the
military medical universi- same time
ty
Silverman Canada 1986-1989 The population cancer The general populationin 484 2099
DT,1999 (18) registries of Atlanta, De-  the study area was selected
troit, and New Jersey and matched with the ex-
recorded cancer patients  pected age, race and gender
aged 30 to 79 years distribution of the control
group. The control group
aged 30-64 was selected by
random number dialing
Zheng 7.,2016 China 2011-2013 Patients with pancreatic Family members of other 323 323
(19) cancer have been diag- hospitalized patients with-
nosed in four hospitals, out pancreatic cancer at the
namely henan cancer same hospital
hospital, Beijing cancer
hospital, hebei cancer
hospital and Beijing acad-
emy of medical sciences
cancer research hospital
Anderson Canada 2003-2007 Pancreatic cancer patients A random sample of Ontar- 422 312
LN,2009 (20) registered in Ontario io residents
from 2003 to 2007
Bosetti C,2014 In Italy 2014 PANCH4 alliances, 15 case PANCH4 alliances, 15 case 830 1398
21 control studies control studies 5 7
Ben Q2011 China 2000-2009 Patients diagnosed with Patients admitted at the 145 1528
(22) pancreatic cancer at same time for any acute 8
Shanghai ruijin hospital condition
and changhai hospital
Talamini In Italy 1991-2008 Pancreatic cancer patients Patients with acute non- 326 652
R,2009 (23) diagnosed at major gen-  tumor diseases admitted to
eral hospitals in northern the same hospital
Ttaly
Maisonneuve Canada, 1983-1988 Cases of pancreatic can- Other cases of patients at 823 1679
P,2010 (24) Nether- cer were provided by the same centre
lands, hospitals in Toronto,
Poland, Canada; Utrecht, the
Australia Netherlands; Opole indi-
vidual hospital and cancer
registry in Poland; south
Australia cancer registry
in Adelaide, Australia;
and 19 developmental
hospitals in Montreal,
Canada
Pang T,2017 China 1997-2013 Patients diagnosed with Residents of the same area 127 3630
(25) PDAC at the medical as the case group 4
1582 Available at:  http://ijph.tums.ac.ir
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center of the affiliated
hospital of zhejiang uni-
versity school of medi-

cine
Pancreatic cancer patients
diagnosed and treated at  genetically unrelated family
the gastroenterology on-
cology clinic at the uni-
versity of Texas Andet-
son cancer center

Hassan USA 2001-2006
MM,2008 (26)

Rahman Canada 2011-2012
F,2015 (27)

Non-healthy friends and 808 808 7

members (spouses and in-
laws) of pancreatic, gastro-
intestinal, lung or head and
neck cancers (smoking-
related cancers)

Pancreatic cancer patients  Population-based frequency 345 1285 8

recruited by the pancreat-

ic cancer institute of On-
tario

matching with pancreatic
cancer cases (1:3)

Table 2: Reference rates of risk factors in the 22 enrolled articles (reference number >3; reference rate=15%)

Risk factors Reference number (N)  Reference rate (%)
Smoking 12 54.55
Diabetes 8 36.36
Family history of pancreatic cancer 8 36.36
Chronic pancreatitis 4 18.18

Relationship between smoking and PC

Smoking is the only confirmed independent risk
factor for PC. Previous studies (9,10,12,13-
16,19,20,22,23,26) generally held a unified view
on this conclusion, but the cotrelation results of
different individual studies were disparate. In this
study, OR was combined from 12 studies that
cited smoking as a factor. The results of a heter-
ogeneity analysis are shown in Fig. 2 (A), while

Available at:  http://ijph.tums.ac.ir

publication bias is detailed in Fig. 3. There was
low heterogeneity among the results of inde-
pendent studies, so the fixed-effect model was
selected. Moreover, there was a significant asso-
ciation between smoking and PC occurrence. The
combined results were statistically significant, but
there was publication bias (OR:1.76, 95% CI:
1.61-1.92, P < 0.00001, FF = 6%).
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A

Case Control Odds Ratio Odds Ratio

Study Weight
Events  Total Events Total IV, the Random and 95% CI IV,Random,95%CI
Anderson LN.2009(20) 0 422 14 312 2.00% 3.53[1.93.6.44) —
Hassan MM, 2008(26) 485 808 393 808 16.80% 1.59(1.30,1.93) @
Ben Q, 2011(22) 516 1458 349 1528 23.90% 1.85(1.58.217)p @)
Talamini R, 2009(23) 100 326 127 652 7.50% 1.83[1.35,2.48] e
Zheng Z. 2016(19) 131 323 113 323 6.90% 1.27(0.92,1.74) i
Yao Y, 2013(14) 75 180 104 360 5.10% 1.76[1.21,2.56) —
Peng LN, 2014(15) a1 147 27 164 2.40% 1.96[1.13,3.39] —
YanD, 2010(10) 85 207 52 207 4.10% 2.08[1.37,3.16) ——
XuP,2011(12) 86 290 60 312 5.00% 1.77[1.21,2.58] e
Zhao JQ, 2018(13) 170 580 119 624 9.60% 1.76[1.35,2.30) L
Chen M. 2014(9) 24 105 17 105 1.50% 1.53[0.77.3.06) —_
Chen Q. 2012(16) 260 916 203 1124 15.10% 1.80[1.46,2.22) L
The Total (95% CI) 5762 6519 100.00% 1.76[1.61,1.92) .
Total events 2033 1578

Heterogeneity: Tau squared = 0.00; Chi = 11.66, df = 11 (P = 0.39); I squared = 6% T T T T T T T T T T

Test for overall effect: Z = 12.88 (P < 0.00001) 1.0-0.5 0.0 0.5 1.0 L5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

Case Control ‘Odds Ratio ‘Odds Ratio
Study Weight
Events Total Events Total IV, the Random and 95% CI IV, Random 95%CI
Bosetti C.2014(21) 1767 8305 1284 13987  74.00% 2.67 [2.47.2.89] ‘
Hassan MM.2008(26) 194 808 79 808 5.60% 2.92[2.20,3.87) S
Maisonneuve P.2010(24) 144 823 133 1679 7.00% 2.47 [1.92.3.17) coe
Zheng Z.2016(19) 49 323 26 323 1.80% 2.04 [1.24.3.38) >
Yao Y.2013(14) 50 180 32 360 1.90% 3.94 [2.42.6.42) >-—
Yang MW.2017(17) 47 246 19 246 1.40% 2.82 [1.60. 4.97) P
QiuDY.2004(7) 57 167 18 167 1.30% 4.29 [2.39.7.69) -
Chen Q.2012(16) 198 916 109 1124 7.00% 2.57[1.99.3.31] -
The Total (95% CI) 11768 18694  100.00% 2.69 [2.52.2.88) .
Total events 2506 1700 r T T r T r
Heterogeneity: Chi =6.91. df = 7 (P = 0.44): I squared = 0% 6 1 2 2 1 6

Test for overall effect: Z = 28.97 (P < 0.00001)

C

Case The Control 0Odds Ratio Odds Ratio
Study Weight
Events Total Events Total IV, the Random and 95% CI IV, the Random and 95% CI
Silverman DT,1999(18) 23 484 31 2099 11.80% 3.33[1.92.5.76] A
Rahman F,2015(27) 20 345 49 1285 15.80% 2.31[1.44,3.72] ———i
Anderson LN,2009(20) 43 422 8 312 6.00% 4.31[2.00.9.31] e
Manal m. Hassan, 2008 69 808 30 808 18.40% 2.42[1.56, 3.76] ,_‘_.
Ben Q,2011(22) 87 1458 39 1528 24.10% 2.42[1.65,3.56] —‘_4
Pang T.2017(25) 35 1274 48 3630 18.40% 2.11[1.36, 3.27] '—’_‘
Zheng Z.2016(19) 1 323 3 323 2.20% 3.76 [1.04, 13.61] —
Yao Y.2013(14) 10 180 6 360 3.40% 3.47[1.24.9.71]
The Total (95% CI) 5204 10345 100.00% 2.58 [2.13,3.11] .
Total events 307 214 r : . : : :
Heterogeneity: Chi = 4.38. df = 7 (P = 0.74): I squared = 0% -6 -4 -2 2 4 6
Test for overall effect: Z = 9.82 (P < 0.00001)
Case The Control Odds Ratio Odds Ratio
Study Weight
Events  Total  Events Total IV, the Random and 95% CI IV, the Random and 95% CI
Zhou GZ,2002(11) 17 493 2 1031 10.50% 18.38[4.23,79.85]
Zhang XH,2006(6) 17 451 10 1552 36.60% 6.04 [2.75,13.29]
Yang MW,2017(17) 42 246 11 246 47.80% 4.40[2.21,8.77]
QiuDY.2004(7) 6 167 1 167 5.00% 6.19[0.74,51.96]
The Total (95% CI) 1357 2996 100.00% 5.84[3.63.9.41] ‘.—‘
Total events 82 24 2 § 2 4 6 & 10 12 14 16 18 20 22 24 26 28 30 32 34

Heterogeneity: Tau squared = 0.00; Chi = 3.00, df =3 (P = 0.39): I squared = 0%
Test for overall effect: Z =7.25 (P <0.00001)

Fig. 2: Results of a meta-analysis on the risk of pancreatic cancer associated with smoking (A), diabetes (B), family
history of PC (C) and chronic pancreatitis (D)
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Fig. 3: Publication bias of literature describing the association between smoking and PC tested by funnel plot

Relationship between diabetes and PC

In recent years, studies on the risk of diabetes for
PC have gradually increased, and increasing
numbers of studies have confirmed diabetes as a
risk factor of PC. In this study, OR was com-
bined from 8 studies (7,14,16,17,19,21,24,26) that
mentioned diabetes as a factor. Fig. 2 (B) demon-
strates the analysis result of heterogeneity, and
because the number of included studies was <10,
we did not assess the publication bias. There was
no heterogeneity among the results of independ-
ent studies, so the fixed-effect model was select-
ed. There was a significant association between
diabetes and PC (OR: 2.69, 95% CI: 2.52-2.88, P
< 0.00001, IF = 0%).

Relationship between family history of PC and
PC

Using the data of 8 articles
(14,18,19,20,22,25,26,27) included in this study
that mentioned family history of PC, OR was
combined and calculated, and heterogeneity was
analyzed (Fig. 2 (C)). Because the number of in-
cluded studies was <10, we did not assess the

Available at:  http://ijph.tums.ac.ir

publication bias. There was no heterogeneity
among the results of independent studies, so the
fixed-effect model was selected. Furthermore,
there was a significant association between family
history of PC and PC (OR: 2.58, 95% CI: 2.13—
3.11, P < 0.00001, F = 0%).

Relationship between chronic pancreatitis and
PC

The risk of PC for pancreatitis, chronic pancreati-
tis, and acute pancreatitis has not yet been deter-
mined. This study selected chronic pancreatitis
with the highest consensus for the meta-analysis.
Using the data of 4 articles (6,7,11,17) included in
this study that mentioned chronic pancreatitis,
OR were combined and calculated and heteroge-
neity was assessed (Fig. 2 (D)). Because the num-
ber of included studies was <10, we did not as-
sess the publication bias. There was no heteroge-
neity among the results of independent studies,
so the fixed-effect model was selected. There was
a significant association between chronic pancre-
atitis and PC (OR: 5.84, 95% CI: 3.63-9.41, P <
0.00001, IF = 0%).
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Discussion

Smoking is recognized as an independent risk
factor for PC. Becker et al. demonstrated that
smoking is a high-risk factor of PC or one of its
early manifestations (28). Smoking increases the
risk of PC (29). At the same time, the risk of PC
was clearly apparent among young smokers and
heavy smokers (30). Current studies suggest that
carcinogens in tobacco are transmitted through
the respiratory tract and then through the blood
flow to the pancreas, and are ultimately absorbed.
Nitrosamines-4- (methyl nitrosamines) in tobacco
flow into the pancreas through the pancreatic
duct. 1-(3-Pyridine)-1-butanone has an important
role in the development of PC (31,32). Our re-
sults showed that smoking was an independent
risk factor for PC (OR = 1.76, P < 0.05). There-
fore, smoking cessation is an important measure
to reduce the incidence of PC.

Diabetes mellitus is closely related to the occur-
rence of PC (30, 31). People with high levels of
fasting and postprandial blood sugar have a 2.49
times higher risk of pancreatic cancer than those
with low levels (31). Glucose disorders, especially
postprandial hyperglycemia, might pass through
mitochondrial electron transport chains to result
in excessive production of superoxide products,
which is also the cascade reaction that leads to
diabetes (33). Furthermore, peroxide concentra-
tions of hydrogenase and glutathione peroxidase
in the pancreatic tissue of PC patients were found
to be lower (34). These results suggest that oxida-
tive stress can regulate PC activity. Diabetes
mellitus is closely related to PC; chronic hyper-
glycemia causes abnormal metabolism and activa-
tion of related pathways, ultimately promoting
the occurrence of PC. The same was true in this
study. We identified diabetes mellitus as a risk
factor for PC (OR = 2.69, P < 0.05). Thus, it is
important to take corresponding measures to
prevent diabetes mellitus and reduce the inci-
dence of PC.

Approximately 4%—16% of PC incidence is relat-
ed to genetic factors (35). In PC relatives, the risk
of BRCA2 mutation was significantly higher in

1586

cousins of patients with PC than those of the
control group (35). This study showed that family
history of PC was a risk factor for PC (OR =
2.58, P < 0.05). Therefore, people with a family
history of PC should be more vigilant to PC; reg-
ular physical examinations should be performed
and serum CA199 levels should be checked if
necessary. Endoscopic ultrasound and CT com-
bined screening with ERCP is an effective meth-
od for the early diagnosis of PC.

The results of this study showed that chronic
pancreatitis was an independent risk factor for
PC (OR = 5.84, P < 0.05). In an important genet-
ic cohort study, Lowenfels et al. found that PC
occurs more often in patients with chronic pan-
creatitis (36). Although a few studies argued that
this relationship is controversial, many case-
control studies and cohort studies have found
chronic pancreatitis is a risk factor for PC. In par-
ticular, patients with rare autosomal hereditary
pancreatitis exhibit more intense symptoms. In
these patients, the link between pancreatitis and
pancreatic cancer was 70 times stronger than in
the general population, and lifelong risk is ap-
proximately 40%0—55%.

According to our analysis, there was publication
bias in smoking, which might be due to the lim-
ited number of reports included. Therefore, fur-
ther studies are needed to verify the conclusions.
However, there is no heterogeneity that can be
used to prove the reliability of our conclusions.

Conclusion

Smoking, diabetes, family history of PC, and
chronic pancreatitis are independent risk factors
for PC. These findings of independent risk fac-
tors might have an important contribution in
identifying high-risk groups and preventing the
occurrence of PC. It is of great importance to
reduce the incidence of PC to improve the quali-
ty of life and prognosis of patients.
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